This study investigated on enzyme production in the digestive organs of the native termite (Reticulitermes speratus) in Milyang, Korea. Four types of major cellulases [EG (endo-1,4-β-glucanase), BGL (β-glucosidase), CBH (cellobiohydrolase) and BXL (β-1,4-xylosidase)] were present in the digestive organs of the termite. The strong enzyme activity for BGL was found from the native termite, and also shown that the enzyme was distributed in the salivary gland, foregut, and hindgut. BXL, which breaks down hemicellulose near the amorphous region, was detected mainly from salivary gland, foregut, and midgut. However, CBH was distributed mainly in the hindgut. Meanwhile, EG which degrades cellulose, was found mainly in the hindgut and salivary glands. These facts indicate that celluases production patterns are differ from different sites compare to the same species found in Japan, suggesting that enzyme production in the digestive organs of termites is changed according to their habitats.
INTRODUCTION
Cellulose is one of the most abundant source of renewable biomass on the earth. It consists of long chain molecules, composed of repeating units of two β-D-glucose residues. It consists of composite forms of highly crystallized microfibrils among amorphous matrices which creates a very complex and recalcitrant physical structure of cellulose found in plant cell walls (Delmer & Amor, 1995) . Lignocellulosic biomass digestion is a complex process, involving a various cellulase with diverse modes of reaction. It has been known that three major enzyme types, EG, CBH and BGL, were concerned in hydrolysis of cellulose. EG hydrolyzes mainly amorphous cellulose and forms free reducing chain-ends and short-chain oligosaccharides by random cleavage of the β(1→4)-bonds of cellulose. CBH produces mainly cellobiose by endwise hydrolysis of the free reducing end of cellulose or cello-oligosaccharides. BGL hydrolyze cellobiose to glucose.
Cellulases act each other synergistically to hydrolyze crystalline cellulose to produce glucose (Berghem et al., 1976; Eriksson, 1975; Wood & McCrae, 1978) .
Many cellulolytic systems from a wide array of organisms, including Archaezoa, fungi and bacteria, have been studied. Although the production of a complete cellulolytic system is common among bacteria and fungi, it is unusual among animals, especially insects. Cleveland (1923 Cleveland ( , 1924 proposed that intestinal protozoa were essential for the lower termite, Reticulitermes flavipes, and concentrated on the role of the protozoan fauna in cellulose digestion. Initially, cellulose digestion of the termite was attributed to hindgut bacteria, however the possibility of an endogenous cellulose digesting system was then considered (Breznak & Slaytor, 1992) . Yamaoka and Nagatani (1975) demonstrated the presence of EG in the salivary glands of Reticulitermes speratus and also showed that the hindgut protozoa of this species had the ability to hydrolyze crystalline cellulose. Slaytor et al. (1997) reported hydrolysis of cellulose in the midgut in the higher termite Nasutitermes walkeri (Hill). The distribution of cellulase in the digestive organs of several species of termites has been reported. Kovoor (1970) showed that most of the EG from Microcerotermes edentatus (Was.) was found in the midgut. On the other hand, it has been reported that the EG and the BGL from Reticulitermes speratus was distributed in the salivary glands and hindgut, respectively (Inoue et al., 1997) . Recently, Zhou & Smith (2007) reported that 64.9% of EG activity was found in the foregut, whereas 28% of the activity was present in the hindgut from Reticulitermes flavipes. Also, 61.5% of CBH activity was found in the hindgut, whereas 14% and 12.6% of the activity was present in the foregut and head, respectively.
Recently, demand for studies on the cellulase for saccharification of the lignocellulosic biomass for bio-alcohol has been increased. However, few studies have been done on the characteristics of digestive enzyme secretion and enzyme activity of cellulases of the native termite of Korea, even though these termites show a vigorous degradability of cellulose. Therefore, this paper reports the results of an investigation of the enzyme producing site and activity of cellulases from a termite from Milyang, Korea. In particular, we report the distribution of cellulases in the digestive organs of the native termite in Korea.
MATERIALS and METHODS

Termites and Their Identification
Tested termites were collected in Milyang-si, Kyungsangnamdo, Korea and were identified as Reticulitermes speratus, based on the termite taxonomy we observed with an image analyzer (BVS-314, SomeTech). Adult workers and soldiers of the tested termite, which is the same species as Park and Bae's identification, is shown in Fig.1(a) and Fig.1(b) (Park & Bae, 1997) . Test termites were cultured in dark conditions at 26°C with 65% relative humidity with pine wood blocks as food. Adult workers were used for all experiments.
Preparation of Enzyme Extracts from Termites
Twenty healthy adult workers were used for experiments.
The digestive organs of each termite were removed with forceps as shown in Fig. 2∼3 , and divided into salivary glands, midgut and hindgut. Each section was mixed with 400 ㎕ of 0.1 M sodium acetate buffer (SAB) (pH 5.5) and phenyl-methyl sulfonyl fluoride (PMSF), then ultrasonicated with a sonic Fig. 1(b) . Soldier of tested termite (Reticulitermes speratus). Fig. 1(a) . Worker of tested termite (Reticulitermes speratus). dismembrator. Homogenates were centrifuged at 13,000 rpm for 25 min. The supernatant from each section was used to measure activity of cellulases and on PAGE gels. All operations were carried out at 4°C.
Enzyme Assays and Protein Measurement
EG activity was assayed in 50 ㎕ reaction mixtures containing 2% (w/v) carboxymethylcellulose (Sigma-Aldrich Fine Chemicals, Co.) in 100 mM sodium acetate buffer (pH 5.5) at 50°C. Reducing sugars were determined by the Somogyi-Nelson method (Nelson, 1944) . One unit (U) of activity was defined as the amount of enzyme releasing 1 nmol of reducing sugar per hour. BGL activity was assayed using p-nitrophenyl-α-D-galactopyranoside (p-NPG, SigmaAldrich) as substrate. The 1 ㎖ enzymatic reaction mixtures containing 100 ㎕ of the test solution and 10 mM p-NPG in 1 M sodium acetate buffer (pH 5.5) were incubated for 15 min at 50°C. The amount of p-nitrophenol released was determined by the increase in absorbance at A 405 in UV/VIS spectroscopy after the addition of Na 2 CO 3 to the reaction mixture. One unit of p-NPG hydrolyzing activity was defined as the amount of enzyme releasing 1 nmol of p-nitrophenol per hour. CBH and BXL activ- ities were assayed using p-NPL and p-NPX (Sigma-Aldrich) as substrate. The methods for the determination of CBH and BXL activities were the same as the BGL assay, but incubation time was 30 min. The protein concentration in the enzyme solution was measured by the method of Bradford (Bradford, 1976 ).
Electrophoresis
Crude extracts were examined by sodium dodecyl sulfatepolyacrylamide gel electro-phoresis (SDS-PAGE) according to the method described by Laemmli (Laemmli, 1970) . The slab gel consisted of 10% (w/v) resolving gel, 12% (w/v) resolving gel and 5% (w/v) stacking gel. Proteins and standard mixture (Precision Plus Protein Standards, Bio-Rad) were stained using Coomassie Brilliant Blue R250 (Sigma).
RESULTS and DISCUSSION
Activities and Distribution of Cellulase from Termites
Results of activities and distribution of cellulase in the digestive system of Reticulitermes speratus was shown in Table 1 and Fig. 4 . The specific activity of the enzyme from whole body of a test termite was 5,046 (U/µg, protein) for BGL, 702.3 (U/µg, protein) of BXL, 161.2 (U/µg, protein) for CBH, and 22.8 (U/µg, protein) for EG (Table 1) , especially, showing the very high activity for BGL. These results are different from those obtained from Azuma and Koshijima's report (1984) from which carboxymethyl cellulase and xylosidase were the highest activity of enzyme from termite. In this study, EG was distributed in the hindgut (46%) and salivary glands (33%). BGL was almost equally distributed in the foregut, hindgut and salivary gland. CBH, which mainly breaks down the crystalline regions of cellulose, was found in hindgut (54%), and 40.2% of BXL, which, on the other hand, mainly breaks down the hemicellulose near the amorphous region, was found rather in the midgut than in the hindgut.
The enzyme distribution pattern of the test termites was different from the same species in Japan. Inoue et al. (1997) reported that, in Reticulitermes speratus, 77.8% of EG activity was found in the salivary glands and 74.2% of BXL activity was found in the hindgut. Also, in several termite species, such as Nasutitermes takasagoensis, Microcerotermes edentatus (Was.), Trinervitermes trinervoides (Masutitermitinae), Macrotermes subhyalinum, Coptotermes formosanus, and Odontotermes formosanus, EG or BGL was high in the midgut (Potts & Hewitt, 1973; Kovoor, 1970 In view of the current results and references, enzyme distribution in the digestive organs may differ according to the species or habitat of the same species. The distribution of cellulase among termites is closely linked to their postnatal habitat, as well as their phylogenetic relationships. And the results imply that cellulose and hemicellulose in amorphous region may be hydrolyzed by EG, BXL, and BGL in the salivary gland, foregut or midgut, followed by cellulose hydrolysis in crystalline region by CBH, EG, and BGL in the midgut and hindgut.
Enzyme Pattern of the Cellulase from the Tested Termite
Electrophortic patterns of crude enzyme extract from each digestive organ are shown Fig.  5 and Fig. 6 . Characteristic proteins are appeared at 150 kDa, 108 kDa, 77∼78 kDa, 72∼ 73 kDa, 60 kDa, 52 kDa, 41∼42 kDa, and 35 kDa in the whole body extract. Based on our current experiments the band at 78 kDa, 108 kDa seem to correspond to BGL from Trichoderma reesei and CBH from Paenibacillus polymyxa (108.5 kDa), respectively. Furthermore the 60 kDa, 52 kDa, and 41∼42 kDa proteins were similar to the BGL from Neotermes koshunensis (Shiraki) (60 kDa), the EG from Macrotermes In summary, by the comparison of protein bands of crude extract of the termite, with those of already identified from other microorganisms, the termite seems to have major enzymes to digest cellulosic materials in their gut, although to further purification and identification for each protein are needed.
CONCLUSION
This study was investigated on digestive enzyme production in the digestive organs of the native termite in Milyang, Korea. Test termites were collected and identified as Reticulitermes speratus with adult workers and soldiers. Producing sites of digestive enzyme were identified with isolation of digestive organs from workers of tested termites and the enzyme activities of each cellulase were analyzed. From the measurement of their activity showed four types of major enzymes (EG, BGL, CBH and BXL) were found in the digestive organs of the termite (Reticulitermes speratus). And it was shown the strong enzyme activity for BGL in test termite, and BGL was distributed mainly in the salivary gland, foregut and hindgut. BXL which breaks down hemicellulose near the amorphous region, was detected mainly in salivary gland, foregut and midgut. However, CBH was distributed mainly in the hindgut. EG which degrades cellulose, was found mainly in the hindgut and salivary glands. These results showed a different producing site pattern in cellulase compared to the same species found in Japan, suggesting enzyme production in the digestive organs might differ according to the habitat differences of the same species.
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